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INTRODUCTION 
The separation of crack growth signals from other extraneous sources is of 
fundamental importance for the advancement of acoustic emission techniques. As a step 
in that direction, this research seeks to quantitatively determine and characterize the 
waveform characteristics of acoustic emission signals from fracture sources. These 
fracture sources include fatigue crack growth events (Mode I, II and mixed mode) as well 
as other sources of micro damage. The experimental portion of this work uses a four 
channel data acquisition system that captures and digitizes the entire acoustic emission 
waveform. Laboratory specimens examined include a notched tension specimen as well 
as a circular torsion fatigue specimen. The measured acoustic emission waveform 
characteristics (such as amplitude and frequency spectrum) are correlated with the 
observed crack growth. 
A measured acoustic emission signal depends upon three distinct factors: its 
source; component geometry and material properties; and receiving sensor and 
instrumentation. Each of these three elements must be understood in order to effectively 
identify and characterize measured acoustic emission waveforms. The current research 
develops experimental models of different acoustic emission sources at various stages of 
fatigue damage. This work is a critical step in developing a technique to discriminate 
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between different types of acoustic emission sources and develop acoustic emission as a 
prognostic tool. 
This paper reports on the current status of an experimental program that is 
measuring acoustic emission signals from a variety of damage sources. The first set of 
experiments monitors crack growth, acoustic emission signals from a tension-tension 
fatigue specimen. The source of these signals is primarily from mode I crack 
propagation. The second set of experiments monitors acoustic emission signals that 
occur during a torsion fatigue experiment; the possible acoustic emission sources for 
these experiments are dislocation movement, slip line formation and a more complex, 
mixed mode crack propagation. By conducting two distinct sets of experiments, each of 
which generates acoustic emission signals from a variety of different damage 
mechanisms, it should be possible to isolate and identify the source that created a 
particular, experimentally measured acoustic emission waveform. 
INSTRUMENT A TION 
A four channel, state of the art digital data acquisition system, manufactured by 
Digital Wave Corporation, is used in this research. The unique features of this system 
are: (1) a wide bandwidth, extending from 3 kHz to 4 MHz, which allows for the capture 
of individual acoustic emission waveforms. A trigger threshold control allows the unit to 
be set to capture only waveforms whose amplitude exceeds a pre-set value; (2) this 
system is designed for fast data acquisition (it re-arms as quickly as 100Ilsec). Each 
captured waveform is transferred, as a data file, to a desktop computer where it can be 
further processed; and (3) the system can also record up to four parametric signals, such 
as output from a load cell. This is critical because the load cell signal can be used to 
determine the stage of the loading cycle (during a fatigue test) when the acoustic emission 
signal occurs. 
TENSION TESTS 
These tests are performed on a notched, stainless steel specimen that is fatigue 
loaded in tension-tension. These fatigue tests are conducted as part of a study to 
determine possible fatigue crack growth mechanisms in steel helicopter components [1]. 
The setup for the acoustic emission instrumentation is shown in Fig. I. The specimens 
are notched to provide a start location for the crack. Acoustic emission waveforms are 
collected during the entire fatigue process. In addition, surface replicas are used to 
measure crack length, enabling links to be made between crack growth and acoustic 
emission activity. As a result, acoustic emission waveform characteristics, such as 
amplitude and frequency spectrum, are correlated with the observed crack growth. 
Two crack growth regimes, shown in Figs. 2 - 3, are observed during the tension 
fatigue experiments. The first regime is associate with "small crack" growth, while the 
second is associated with "large crack" growth. Both the amplitude and relative number 
of event occurrence increase dramatically in the transition between these two regimes. 
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Figure 1. Experimental setup for tension tests. 
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Figure 2. Example of "small crack" growth regime. 
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There is also some change in the frequency spectrum, with a shift to lower frequency 
components for the large crack regime. 
TORSION TESTS 
These tests are performed on a circular, stainless steel specimen that is fatigue 
loaded in torsion. The setup for the acoustic emission instrumentation is shown in Fig. 4. 
Four channels of the acoustic emission system are used, with two channels using high 
frequency (4 MHz) resonant type transducers for the trigger and the other two channels 
using broad band transducers to record the acoustic emission waveforms. 
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Figure 3. Example of "large crack" growth regime. 
Major differences are observed between signals from "early" and "late" stages of 
the fatigue process. These results are shown in Figs. 5-6. The most noticeable difference 
between the two acoustic emission events is the increase in energy content (both 
amplitude and particularly duration) for the "late" stage signals. 
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Figure 4. Experimental setup for torsion tests. 
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Figure 5. Example of "early" stage signal. 
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Figure 6. Example of "late" stage signal. 
CONCLUSION 
This work demonstrates the potential of using fatigue tests to experimentally 
develop acoustic emission source models. This work is a critical step in developing a 
technique to discriminate between different types of acoustic emission sources and 
develop acoustic emission as a prognostic tool. Further work is needed to investigate the 
correlation between these waveforms and theoretical acoustic emission source models. 
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